Aims: To examine and evaluate the association between psychological distress and metabolic syndrome (MetS). Methods: Between 2005 and 2006, 1,613 men and women aged 30-79 participated in annual health examinations at Takarazuka City Health Promotion Center in Takarazuka, Japan. Psychological stress was assessed with the General Health Questionnaire (GHQ) and MetS was evaluated using three criteria based on those of the Japanese Society of Internal Medicine as the Japanese counterpart of the third report of the National Cholesterol Education Program Expert Panel on Detection, Evaluation, and Treatment of High Cholesterol in Adults (NCEP/ATP ) and the International Diabetes Federation (IDF).
Introduction
Metabolic syndrome (MetS) consists of a cluster of abnormalities of metabolic origin, defined as a combination of abdominal obesity, dyslipidemia, high blood pressure and glucose abnormality 1, 2) , which increases the risk of type 2 diabetes mellitus (DM) and cardiovascular disease not only in Western popula-cated that depressive symptoms and stressful life events were associated with a risk of MetS 11) .
However, few studies have addressed the association between psychological distress and MetS in Asian populations. A cross-sectional study of 1,215 male Japanese workers showed a positive relationship between depression and MetS 12) , but no women were included in this study.
The aim of this study was to determine whether psychological distress is associated with MetS and its components in Japanese men and women.
Methods

Participants
We conducted a cross-sectional study of 1,694 persons (868 men and 826 women) aged 30-79 years who participated in annual health examinations for citizens at Takarazuka City Health Promotion Center in Takarazuka, Japan, between April 1, 2005 and March 31, 2006. The study protocol was approved by Takarazuka City Health Promotion Center and informed consent was obtained from each participant. We excluded participants with insufficient answers to the psychological stress questionnaire and analyzed the data of the remaining 1,613 participants (825 men and 788 women).
Metabolic Risk Factors
All of the participants underwent risk factor examinations at Takarazuka City Health Promotion Center after an overnight fast. Blood pressure was measured twice with a standard mercury sphygmomanometer on the right arm of seated participants after a 5-minute rest, and the second measurement was used in analysis. Hypertension was defined as systolic blood pressure ≥ 130 mmHg and/or diastolic blood pressure ≥ 85 mmHg. Blood was drawn from the seated participants into a plain, siliconized glass tube after which the serum was separated. Serum total cholesterol, triglycerides and glucose were measured with enzymatic assays, and high-density lipoprotein (HDL) cholesterol was measured with a direct homogenous assay using an Olympus AU-5431 spectrophotometer (Olympus Japan Co., Ltd., Tokyo, Japan) at Hyogo Prefecture Health Promotion Association.
The participants completed a self-administered questionnaire about the frequency of alcohol intake per week and the usual amount consumed daily in units of "go" (a Japanese traditional unit of volume measurement, corresponding to 23 g ethanol). Weekly alcohol intake was calculated and then converted to daily alcohol consumption. The questionnaire also asked about smoking status (never, former, or current smoker), and former or current smokers were asked about the number of cigarettes smoked per day and the number of smoking years.
We used the modified definition of MetS according to the guideline of the Japanese Society of Internal Medicine, known as the modified Japanese criteria 13) . Body mass index (BMI) ≥ 25 kg/m 2 was used as representing obesity for the analysis, because waist circumference was not measured in this study. This BMI level reportedly corresponds well to the Asian criterion for a large waist circumference of ≥ 90 cm for men and ≥ 80 cm for women 14) . MetS was defined as being overweight (BMI ≥ 25 kg/m 2 ) plus two or more of the following components: 1) serum triglycerides ≥ 150 mg/dL and/or HDL cholesterol 40 mg/dL, 2) fasting glucose ≥ 110 mg/dL, and 3) blood pressure ≥ 130/ 85 mmHg ( Table 1) .
We also used the modified criteria of the third report of the National Cholesterol Education Program Expert Panel on Detection, Evaluation, and Treatment of High Cholesterol in Adults (NCEP/ATP ) 1, 15) and of the International Diabetes Federation (IDF) 16) . MetS was defined by the modified NCEP/ATP as the presence of three or more of the following components: 1) serum triglycerides ≥ 150 mg/dL, 2) HDL cholesterol 40 mg/dL for men and 50 mg/dL for women, 3) fasting glucose ≥ 100 mg/dL, 4) blood pressure ≥ 130/85 mmHg, and 5) BMI ≥ 25 kg/m 2 . MetS was defined by the modified IDF as being overweight (BMI ≥ 25 kg/m 2 ) plus two or more of the following components: 1) serum triglycerides ≥ 150 mg/dL, 2) HDL cholesterol 40 mg/dL for men and 50 mg/dL for women, 3) fasting glucose ≥ 100 mg/ dL, and 4) blood pressure ≥ 130/85 mmHg ( Table 1) .
Psychological Distress Questionnaire
For the self-administered questionnaire on psychological distress we used the 28-item version of the General Health Questionnaire (28-item GHQ) 17) , which was derived from the 60 items in the original version of the GHQ developed by Goldberg et al. 18) . All 28 questions were scored according to the Likert method (1, 2, 3, 4 : 1 'not at all', 2 'no more than usual', 3 'rather more than usual' , and 4 'much more than usual') 19) . The 28-item GHQ is composed of 4 subscales: 1) somatic symptoms, 2) anxiety, 3) social dysfunction, and 4) depression, and each subscale has 7 questions. The total score ranges from 7 to 28. The validity and reliability of the 28-item GHQ has been confirmed 19) . In the present study, the score showed a normal distributive pattern as in a previous study 19) .
To evaluate the reliability and construct validity of the 28-item GHQ in the present subjects, we examined the factor-based validity by subjecting all 28 items to explanatory factors by means of principal axis factor analysis. Four factors with eigenvalues of more than 1.0 were extracted as in the previous study 19) : 1) somatic symptoms, 2) anxiety, 3) social dysfunction, and 4) depression. The internal consistency values of our questionnaire for these four factors, as measured by Cronbach's alpha coefficients, were 0.78, 0.62, 0.47, and 0.98, respectively. Unfortunately, because the alpha coefficient of social dysfunction was an unacceptable alpha level, we deleted social dysfunction from the analyses.
Statistical Analysis
Age-adjusted mean values or ratios of MetS, its components and other cardiovascular risk factors were compared for men and women by analysis of covariance or logistic regression analysis. Mean values of distress scores in relation to MetS and its components were examined using analysis of covariance after adjustment for age (years), sex, smoking (never, former, and current smokers), alcohol intake (g/day), and serum total cholesterol levels (mg/dL). Multiple logistic regression analysis was used to estimate multivariable-adjusted odds ratios (OR) and confidence intervals (CI) for MetS and its components associated with an increment of one standard deviation in distress scores. We further calculated the ORs of MetS for persons with a ≥ 25 percentile distress score, compared with those with a ≤ 75 percentile distress score. The SAS statistical package (version 9.1; SAS Institute Inc., Cary, NC) was used for analyses, and p 0.05 was regarded as significant. Table 2 shows the characteristics of the participants. As expected, cardiovascular and metabolic risk factors were more prevalent in men than in women. The ratio of MetS, as defined by the modified Japanese criteria, was four times higher for men than for women, while that defined by the modified NCEP/ ATP criteria and the modified IDF criteria was three times higher.
Results
The multivariable-adjusted mean depression score was significantly higher and that of somatic symptoms scores tended to be higher for men with than without MetS as defined by the modified Japanese criteria, while mean depression scores were higher for men with than without MetS as defined by the modified NCEP/ATP and IDF criteria.
Multivariable-adjusted mean anxiety and depression scores were higher for men with than without fasting glucose ≥ 110 mg/dL. In addition, mean depression scores were higher for men with than without serum triglycerides ≥ 150 mg/dL and/or HDL cholesterol 40 mg/dL. For women, somatic symptoms, anxiety, and depression scores were not associated with MetS or any of its components (data not shown). Table 3 shows multivariable-adjusted odds ratios associated with an increment in psychological distress scores of one standard deviation. In men, the respective ORs of somatic symptoms, anxiety and depression scores were 1.28 (95% CI, 0.99-1.66), 1.10 (95% CI, 0.86-1.42), and 1.48 (95% CI, 1.19-1.84) for MetS as defined by the modified Japanese criteria, and 1.18 (95% CI, 0.96-1.45), 1.32 (95% CI, 1.08-1.61), and 1.24 (95% CI, 1.03-1.50) for fasting glucose ≥ 110 mg/dL. These ORs for metabolic syndrome as defined by the modified NECP/ATP and IDF criteria associated with an increment of one standard deviation in depression scores were 1.24 (95% CI, 1.04-1.48) and 1.29 (95% CI, 1.06-1.57), respectively. No significant associations were found between psychological distress scores and MetS in women. Compared with men with a ≤ 75 percentile depression score, those with a ≥ 25 percentile depression score had approximately two to three times higher ORs of MetS. The multivariable-adjusted ORs of MetS (Japanese criteria), MetS (NCEP/ATP ), and MetS (IDF) were 2.61 (95%CI 1.55-4.40, p 0.001), 1.69 (95%CI 1.11-2.57, p 0.05), and 1.86 (95%CI 1.16-2.98, p 0.05), respectively.
Discussion
The present cross-sectional study of Japanese men and women examined whether psychological distress and depression were associated with MetS. In men, the prevalence of MetS as defined by the modified Japanese criteria was 48% higher for an increment of one standard deviation in depression scores, and the prevalence of MetS as defined by the modified NCEP/ ATP and IDF criteria was 20 to 30% higher for a corresponding increment in depression scores; therefore, depression was considered to be associated with MetS across the various definitions of MetS.
Our results are consistent with findings from studies of western populations 20, 21) , which showed that MetS as defined by the modified NCEP/ATP criteria was associated with the prevalence of depression 20, 21) . A cross-sectional study of middle-aged Japanese male workers showed a positive relationship between depression and MetS 12) . We found no association of anxiety with MetS, which was also consistent with the results of a previous study 21) ; however, although the original 28-item GHQ had good internal consistency for all subscales 17) , in this study, the internal consistency was not so good for anxiety (Cronbach's alpha: 0.62) as for somatic symptoms and depression. Therefore, this may have led to an underestimation of the association between anxiety and MetS.
In our study, the prevalence of fasting glucose ≥ 110 mg/dL was approximately 25% higher for an increment of one standard deviation in anxiety and depression scores for men. A 13-year prospective study of 3,481 men and women aged 18 years in the US showed that major depressive disorder signals were associated with an increased risk of type 2 DM 22) . A 10-year prospective study of 37,291 men and women aged ≥ 20 years in Norway found that symptoms of depression and anxiety were also associated with an increased risk of type 2 DM 23) .
Various relevant findings have been reported in the literature. Chronic stress may enhance the activation of the autonomic nervous system and the pituitary-adrenal-cortical system 24) . Persons with compared to without MetS reportedly have higher normetanephrine (3-methoxynorepinephrine) output and also reduced variability in heart rate and higher cortisol metabolites 25) . Normetanephrine output, reflecting total -and -adrenergic activity, may rise due to increased drive from the central nervous system and the number of adrenergic neurons in adipose tissues 25) . Furthermore, lower heart rate variability and higher cortisol levels may be more relevant in relation to depression 26) . Depression was inversely associated with heart rate variability across multiple ethnic groups, but anger and anxiety were not 27) . Heart rate variability characterizes autonomic influences on the heart, and low heart rate variability has been identified as a risk factor for coronary heart disease 28) . An increase in cortisol levels may lead to an increased risk of metabolic syndrome, probably because it generates insulin resistance 24) . Moreover, psychological distress may contribute to the development of MetS through behavioral pathways 29) ; for example, psychological distress influences human eating behaviors such as eating quickly and eating until full, which are associated with being overweight 30) .
For the women in our study population, depression scores were not associated with MetS or its components. The reasons for this sex difference are not known, and sex-specific findings from previous studies have been inconsistent. A cross-sectional study of 1,598 men and women aged 30-80 years in France showed that depression and depressive symptoms were associated with MetS, irrespective of gender 21) . A cross-sectional study of 6,189 men and women aged 17-39 years in the United States found that the prevalence of MetS is elevated among women with a history of depression, but such a trend was not found among men 31) . The participants in that study were younger and the prevalence of MetS (NCEP/ATP ) among women was higher than in our study (7.1% vs. 4.1%).
A cohort study of 5,698 men and women aged 31 years in Finland reported that neither men nor women showed an association between depression or anxiety and the risk of MetS 32) .
The present study has several limitations. First, the prevalence of MetS in the present study was lower by 17% for men and 9% for women than that reported by the National Nutrition Survey in Japan, 2005 33) . The reason for the lower prevalence of MetS may be primarily due to the lower prevalence of being overweight. Namely, the national prevalence of being overweight (aged 40-74, BMI ≥ 25) was 34.1% in men and 25.9% in women 33) , while in our study, the prevalence of being overweight (aged 30-79, BMI ≥ 25) was 21.9% in men and 11.7% in women. Moreover, 34) which was higher than the national average rate (43.8%) 35) . Thus, the study participants were assumed to be more health conscious than the general population. Second, this study has a cross-sectional design which does not allow for making causal inferences. Further prospective work is needed to confirm the relationships between depression and MetS, while our findings were consistent with the results from previous prospective studies of western populations 10) .
In conclusion, our findings suggest that depressive symptoms may be linked with MetS and, more specifically, glucose abnormality among urban Japanese men. Prospective studies and clinical trials will be needed to determine whether effective management of depressive symptoms can improve MetS.
